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[NAME OF DOCUMENT] SPECIFICATION 

[TITLE OF THE INVENTION] LIQUID CRYSTAL DISPLAY 

DEVICE AND LIQUID CRYSTAL ORIENTATION METHOD 
[WHAT IS CLAIMED IS:] 
[CLAIM 1] 

A liquid crystal display device comprising: 

a first substrate having thereon a pixel 
electrode and an active element; 

a second substrate having thereon an opposed 
electrode; and 

a liquid crystal layer interposed between said 
first and second substrates with said electrodes 
facing each other, 

wherein an orientation control element giving an 
orientation regulating force in a third direction which 
is different from a first direction of an orientation 
regulation force given to liquid crystal molecules of 
said liquid crystal layer within a region of said pixel 
electrode and a second direction of an orientation 
regulating force given due to an edge of said pixel 
electrode on said first substrate to said liquid 
crystal molecules near said edge is locally provided in 
a part near said edge of said pixel electrode on said 
first substrate. 

[CLAIM 2] 

The device according to claim 1, wherein said 
orientation control element is constituted by a 
plurality of fine slits formed in said pixel electrode 
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in an oblique direction relative to an extending 
direction of said edge or a plurality of fine 
protrusions formed on said pixel electrode in a oblique 
direction relative to an extending direction of said 
edge . 

[CLAIM 3] 

The device according to claim 2, wherein at least 
a part of said fine slits or said fine protrusions are 
different in shape and/or spaced interval of 
arrangement from each other* 

[CLAIM 4] 

The device according to claim 1, wherein said 
orientation control element is a hollow formed in a 
part other than said pixel electrode. 

[CLAIM 5] 

The device according to any one of claims 1 to 4, 
wherein a dielectric anisotropy of said liquid crystal 
molecules of said liquid crystal layer is negative. 

[CLAIM 6] 

The device according to any one of claims 1 to 5, 
wherein another orientation control element regulating 
said liquid crystal molecules of said liquid crystal 
layer to be oriented in said first direction is 
provided on said second substrate. 

[CLAIM 7] 

A liquid crystal display device comprising: 
a first substrate having thereon a pixel 
electrode and an active element ; 
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a second substrate having thereon an opposed 
electrode; and 

a liquid crystal layer interposed between said 
first and second substrates with said electrodes 
facing each other, 

wherein an orientation control element giving an 
orientation regulating force to liquid crystal 
molecules near an edge of said pixel electrode on said 
first substrate is locally provided near said edge on 
said first substrate so that said liquid crystal 
molecules including those near said edge are oriented 
in substantially the same direction, when difference in 
orientation direction among said liquid crystal 
molecules adjacent to each other near said edge is 
caused by an orientation regulating force given by said 
edge of said pixel electrode to said liquid crystal 
molecules of said liquid crystal layer when voltage is 
being applied between said pixel and opposed electrodes. 

[CLAIM 8] 

A liquid crystal display device comprising: 

a first substrate having thereon a pixel 
electrode and an active element; 

a second substrate having thereon an opposed 
electrode; and 

a liquid crystal layer interposed between said 
first and second substrates with said electrodes 
facing each other, 
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wherein a first orientation control element 
extending in a non-perpendicular direction and a 
nonparallel direction relative to an extending 
direction of an edge of said pixel electrode and a 
second orientation control element extending in a 
parallel direction relative to an extending direction 
of said edge are provided on at least one of said 
first and second substrates, and 

said first orientation control element is larger 
in width than said second orientation control element. 

[CLAIM 9] 

The liquid crystal display device according to 
claim 8 , 

wherein the first orientation control structure 
and/or the second orientation control structure is a 
slit formed in the pixel electrode or the opposed 
electrode . 

[CLAIM 10] 

The liquid crystal display device according to 
claim 8 , 

wherein the first orientation control structure 
and/or the second orientation control structure is a 
protrusion formed on the pixel electrode or the opposed 
electrode . 

[CLAIM 11] 

The liquid crystal display device according to 
any one of claims 8 to 10, 
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wherein a dielectric anisotropy of the liquid 
crystal molecules of said liquid crystal layer is 
negative . 

[CLAIM 12] 

A liquid crystal display device, comprising: 
a first substrate having a pixel electrode and an 
active element; 

a second substrate having an opposed electrode; 

and 

a liquid crystal layer interposed between said 
first substrate and said second substrate with the 
electrodes thereof facing each other, and 

wherein a first orientation control structure 
extending in a nonparallel direction relative to an 
extending direction of an edge of the pixel electrode 
and a second orientation control structure extending 
in a parallel direction relative to the extending 
direction of the edge are provided at least on one of 
said first substrate and said second substrate, and 

wherein liquid crystal molecules of said liquid 
crystal layer on the second orientation control 
structure are non-vertically oriented relative to said 
substrate when no voltage is being impressed between 
the pixel electrode and the opposed electrode. 

[CLAIM 13] 

The liquid crystal display device according to 
claim 12 , 
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wherein the liquid crystal molecules of said 
liquid crystal layer on the second orientation control 
structure are oriented in substantially the same 
direction as an extending direction of the second 
orientation control structure. 

[CLAIM 14] 

A liquid crystal display device comprising: 

a first substrate having thereon a pixel 
electrode and an active element; 

a second substrate having thereon an opposed 
electrode; and 

a liquid crystal layer interposed between said 
first and second substrates with said electrodes 
facing each other, 

wherein a first orientation control element 
extending in a non-perpendicular direction and a 
nonparallel direction relative to an extending 
direction of an edge of said pixel electrode and a 
second orientation control element extending in a 
parallel direction relative to an extending direction 
of said edge are provided on at least one of said 
first and second substrates, and 

at least a part of liquid crystal molecules of 
said liquid crystal layer on said second orientation 
control element are oriented in a vertical direction 
relative to said substrate when voltage is being 
applied between said pixel and opposed electrodes. 

[CLAIM 15] 
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The device according to claim 14, wherein said 
second orientation control element is provided on said 
second substrate, and said pixel electrode does not 
exist on at least a part of a place on said first 
substrate opposed to said second orientation control 
element . 

[CLAIM 16] 

A liquid crystal display device comprising: 

a first substrate having thereon a pixel 
electrode and an active element; 

a second substrate having thereon an opposed 
electrode; and 

a liquid crystal layer interposed between said 
first and second substrates with said electrodes 
facing each other, 

wherein a first orientation control element 
extending in a non-perpendicular direction and a 
nonparallel direction relative to an extending 
direction of an edge of said pixel electrode and a 
second orientation control element extending in a 
parallel direction relative to an extending direction 
of said edge are provided on at least one of said 
first and second substrates, and 

said second orientation control element is 
constituted by an assembly of shapes having directivity 
in a direction of the substrate' s plane surface. 

[CLAIM 17] 
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The device according to claim 16, wherein said 
second orientation control element is formed to extend 
in an outer direction from said first orientation 
control element which is adjacent to said second 
orientation control element on the same substrate. 

[CLAIM 18] 

A liquid crystal orientation method of liquid 
crystal molecules of a liquid crystal layer in a 
liquid crystal display device comprising a first 
substrate having thereon a pixel electrode and an 
active element, a second substrate having thereon an 
opposed electrode, and said liquid crystal layer 
interposed between said first and second substrates 
with said electrodes facing each other, said method 
comprising the step of: 

giving an orientation regulating force to a part 
near an edge of said pixel electrode on said first 
substrate in a third direction which is different from 
a first direction of an orientation regulating force 
given to said liquid crystal molecules of said liquid 
crystal layer within a region of said pixel electrode 
and a second direction of an orientation regulating 
force given due to said edge of said pixel electrode on 
said first substrate to said liquid crystal molecules 
near said edge . 

[CLAIM 19] 

A liquid crystal orientation method of liquid 
crystal molecules of a liquid crystal layer in a 
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liquid crystal display device comprising a first 
substrate having thereon a pixel electrode and an 
active element, a second substrate having thereon an 
opposed electrode, and said liquid crystal layer 
interposed between said first and second substrates 
with said electrodes facing each other, said method 
comprising the step of: 

giving an orientation regulating force to said 
liquid crystal molecules near an edge of said pixel 
electrode on said first substrate so that said liquid 
crystal molecules including those near said edge are 
oriented in substantially the same direction, when 
difference in orientation direction among said liquid 
crystal molecules adjacent to each other near said edge 
is caused by an orientation regulating force given to 
said liquid crystal molecules of said liquid crystal 
layer due to said edge of said pixel electrode when 
voltage is being applied between said pixel and opposed 
electrodes . 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[FIELD OF THE INDUSTRIAL AVAILABILITY] 
The present invention relates to liquid crystal 
display devices in which a first substrate having a 
pixel electrode and an active element and a second 
substrate having an opposed electrode have a liquid 
crystal layer interposed therebetween with each of 
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the electrodes thereof facing each other and also 
relates to liquid crystal orientation methods. 
[0002] 

[CONVENTIONAL ART] 

Conventionally, a liquid crystal display device in 
a TN mode in which liquid crystal material with a 
positive dielectric anisotropy is put in a dark state 
and is oriented to be in a horizontal direction 
relative to a substrate surface and twisted 90° between 
opposed substrates is widely used as a liquid crystal 
display (LCD) using an active matrix. 

[0003] 

However, the TN mode has a disadvantage that it is 
inferior in its viewing angle characteristic and 
various studies have been made to improve the viewing 
angle characteristic thereof. As a method substituting 
for the TN mode, an MVA (Multi-domain Vertical 
Alignment) system in which liquid crystal material with 
a negative dielectric anisotropy is vertically oriented 
and liquid crystal molecules under voltage application 
are regulated, without giving rubbing treatment to 
oriented films, to tilt in directions by protrusions 
and slits which are provided on surfaces of the 
substrates has been developed. The MVA system has 
succeeded in improving the viewing angle characteristic 
to a great extent. 
[0004 ] 
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The structure and function of an MVA system 
liquid crystal display device will be described below. 

The MVA system is a system which performs 
orientation dividing of a vertical orientation type 
liquid crystal by providing elements in the forms of 
bank-shaped (linear) protrusions and slits on the 
substrates. As shown in Fig. 22, Fig. 23A, and Fig. 
23B (a sectional view taken along the line I-I'), the 
elements 103 in the forms of the linear protrusions and 
slits are arranged alternately on an upper substrate 
101 and a lower substrate 102. Thereby, liquid crystal 
domains in which orientation directions on both sides 
of the element 103 are approximately 180° different 
from each other are formed in regions without the 
element 103 (spaced interval parts) . In this way, a 

suitable orientation dividing is realized. This MVA 
system has improved the viewing angle characteristic of 
the liquid crystal display device to a great extent. 

[0005] 

Here, the ^linear (bank-shaped) protrusion' is 
made of dielectric material and formed on an electrode 
(for example, a pixel electrode, an opposed (a common) 
electrode, and so on) and the 'slit' is a concave 
portion formed in a part of the electrode. Hereinafter, 
the same expressions in the specification of this 
patent application designate the above elements. 
[0006] 
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However, the conventional MVA system liquid 
crystal display device has a disadvantage that light 
t ransmi t t ance of a panel is lower than that of a 
liquid crystal display device in a TN mode. One of 
the reasons will be described with reference to Fig. 
24 and Fig. 25. 

[0007] 

Figs. 24 are schematic views showing states of 

pixel observation when a conventional MVA panel used in 

general is in a white display state. Figs. 25 are 

schematic views showing states of liquid crystal 

orientation . 

As shown in Fig. 24A and Fig. 25B, it is seen 

that a line which appears dark (a dark line 105) 

exists in a part of a region near an edge of a pixel 

electrode 104. In this region, as shown in Fig. 24B 

(a sectional view taken along the line I-I') and Fig. 

25A, the element 103 on the pixel electrode 104 

regulates liquid crystal molecules to tilt in a right 

direction relative to the element 103 while a 

slanting electric field of the edge of the pixel 

electrode 104 regulates the liquid crystal molecules 

to tilt in a left direction. Therefore, liquid 

crystal orientation directions defined by them are 

substantially opposite to each other. As a result, 

the liquid crystal molecules in this region are 

oriented in the same direction as a polarizing axial 
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direction, which optically causes the dark line to 
occur and therefore, lowers the t ransmittance . 

[000 8] 

As shown in Fig. 2 6A and Fig. 26B (a sectional 
view taken along the line I-I'), this problem is 
solvable by applying a method of newly providing a 
bank-shaped element 106 (an auxiliary bank method) on 
an opposed, part to the edge of the pixel electrode. 
The newly provided element 106 is disposed along the 
edge of the pixel electrode. At this time, the element 
106 regulates the liquid crystal molecules to be 
oriented in an opposite direction to the direction 
defined by the slanting electric field of the edge of 
the pixel electrode. Thereby, the liquid crystal 

orientation near the edge of the pixel electrode is 
caused to be substantially in the same orientation 
direction defined by the originally provided element 
103 . 

[0009] 

Figs. 27 show the position of the dark line within 
the pixel at this time. 

In Fig. 27A and Fig. 27B, black circles and white 
circles show singular points of an orientation vector 
and a line connecting the black circles and the white 
circles shows the dark line. The dark line which 
conventionally enters inside the pixel stays on the 
newly provided element 106. Here, the distribution of 
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the singular points and the dark lines on the whole 
pixel is shown in Fig. 28. 
[0010] 

In this way, the light t ransmitt ance of the panel 
can be improved by approximately 10% compared with that 
in the conventional art. Here, the newly provided 
element 106 works in a manner in which it helps the 
liquid crystal orientation approximate to the original 
liquid crystal orientation control defined by the 
originally provided element 103. Therefore, the newly 
provided element 106 is hereinafter called an auxiliary 
bank . 

[0011] 

[PROBLEMS WHICH THE INVENTION IS TO SETTLE] 
However, it is found that a problem of partial 
unevenness in brightness within the panel, which is 
recognized as irregular display, occurs when this 
method is applied. After investigation, it is found 
that this problem is caused by the following reason. 
[0012] 

In order to drive the liquid crystal molecules, it 
is necessary to form a TFT element, bus line, and pixel 
electrode patterns on one of the substrates. These 
patterns are formed by a photolithography process. At 
present, resist exposure is performed with the surface 
within the panel being divided into regions (exposure 
by shots) in order to form fine patterns of 
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approximately several microns at the minimum with the 
equal shapes and width all over the panel. 
[0013] 

At this time, overlapping widths of the substrate 
and a photomask sometimes deviate a little between 
adjacent shots from each other. This deviation causes 
relative position of the edge of the pixel electrode 
and the auxiliary bank to vary from shot to shot. As 
described above, the liquid crystal orientation 
direction defined by the edge of the pixel electrode 
and the liquid crystal orientation direction defined by 
the auxiliary bank are opposite to each other. 
Therefore, when the relative position of the edge of 
the pixel electrode and the auxiliary bank varies, 
orientation control balance between them varies, which 
sometimes influences the liquid crystal orientation 
near the auxiliary bank. Particularly, when deviation 
in overlapping width of a TFT substrate and an opposed 
substrate (having the auxiliary bank) is large, this 
problem occurs distinctly. 
[0014 ] 

A difference in states of the liquid crystal 
orientation (the dark line) caused by the variation of 
the relative position of the auxiliary bank and the 
edge of the pixel electrode is shown in Figs. 29. When 
the overlapping width of the auxiliary bank and the 
edge of the pixel electrode is wide (Fig. 29A), the 
dark line stays on the auxiliary bank. Meanwhile, when 
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the overlapping width is narrow (Fig. 29B), the dark 
line gets inside the pixel. As a result, a difference 
in t r ansmi t t ance between both of the pixels is caused. 
In this way, brightness among each shot is caused to be 
different from each other, which is recognized as 
irregular display. 
[0015] 

As a countermeasur e for improving this problem, it 
can be thought of that the auxiliary bank is disposed 
further inside the edge of the pixel electrode than in 
the conventional art so that the effect of the 
auxiliary bank does not vary even with some degree of 
overlapping deviation. However, in this case, it is 
found that a dark region newly occurs as shown in Fig. 
30 and the light t r ansmi tt ance of the panel is lowered. 
[0016] 

So far, since the auxiliary bank and the bank on 
the pixel electrode are formed under the same condition, 
they also give the same influence to the orientation of 
the liquid crystal molecules. The bank on the pixel 
electrode regulates the liquid crystal molecules in the 
bank spaced interval part to tilt in a perpendicular 
direction relative to an extending direction of the 
bank. Here, when the auxiliary bank gets sufficiently 
inside the pixel electrode, the liquid crystal 
molecules in its vicinity also tilt in a perpendicular 
direction relative to an extending direction of the 
bank (half-tone dot meshing parts in Fig. 28). Since 

16 



1> 1 

this direction is substantially equal to the polarizing 
axial direction of a polarizing plate, the light 
t ransmi tt ance of the panel is lowered. 
[0017 ] 

Furthermore, it is proposed that the auxiliary 
bank is made lower in height than the bank on the pixel 
electrode. However, this necessitates banks different 
in height to be formed on the same substrate and 
consequently a process becomes complicated. 

[0018 ] 

From Figs. 26 and Fig. 28, it is apparent that 
ideally, the liquid crystal orientation near the 
auxiliary bank is in a direction of 45° relative to 
the auxiliary bank and in the perpendicular direction 
relative to the bank on the pixel electrode and the 
dark line stays on the auxiliary bank and does not get 
inside the pixel electrode. However, in the present 
structure, the various problems as described above 
occur and it is very difficult to stably realize the 
ideal orientation state. 

[0019] 

As described above, when the MVA system is applied, 
the viewing angle characteristic is greatly improved. 
On the contrary, the slanting electric field which 
occurs near the edge of the pixel electrode has a big 
influence and promotes a so-called schlieren pattern to 
be formed. Even when the auxiliary bank is provided in 
order to cope with this problem, the influence by the 
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deviation in mask overlapping at the time of patterning 
sometimes arises, and therefore, it is difficult to 
obtain an even liquid crystal orientation state. 
[0020] 

It is an object of the present invention to 
prevent an occurrence of irregular display and greatly 
improve light t r ansmi t t ance of a panel and thereby 
realize a liquid crystal display device with high 
reliability by suppressing orientation abnormality 
within a pixel region for display which is caused by a 
slanting electric field occurring inside the pixel 
region for display and in its vicinity and controlling 
liquid crystal orientation in a stable and ideal state. 

[0021] 

[MEANS FOR SOLVING THE PROBLEMS ] 

The inventors of the present invention have 
thought of various forms of the invention as described 
below after dedicated study. 

[ 0022 ] 

The present invention relates to a liquid crystal 
display device in which a first substrate having a 
pixel electrode and an active element and a second 
substrate having an opposed electrode, which have a 
liquid crystal layer interposed therebetween with each 
of the electrodes thereof facing each other. 

[0023] 

A liquid crystal display device according to the 
first aspect of the present invention is characterized 
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in that an orientation control element giving an 
orientation regulating force in a third direction which 
is different from a first direction of an orientation 
regulation force given to liquid crystal molecules of 
the liquid crystal layer within a region of the pixel 
electrode on the first substrate and a second direction 
of an orientation regulating force given by an edge of 
the pixel electrode to the liquid crystal molecules 
near the edge is locally provided in a part near the 
edge of the pixel electrode on the first substrate. 
[0024] 

A liquid crystal display device according to the 
second aspect of the present invention is characterized 
in that an orientation control element giving an 
orientation regulating force to the liquid crystal 
molecules near the edge of the pixel electrode on the 
first substrate is locally provided near the edge of 
the pixel electrode on the first substrate so that the 
liquid crystal molecules including those near the edge 
are oriented in substantially the same direction when 
difference in orientation directions among the liquid 
crystal molecules adjacent to each other near the edge 
is caused by an orientation regulating force given to 
the liquid crystal molecules of the liquid crystal 
layer due to the edge of the pixel electrode when 
voltage is being applied between the pixel electrode 
and the opposed electrode. 

[0025] 
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Specifically, in the first and second aspects, it 
is appropriate that the orientation control element is 
constituted by a plurality of fine slits formed in the 
pixel electrode in an oblique direction relative to an 
extending direction of the edge. 

[0026] 

It is also appropriate that the orientation 
control element is constituted by a plurality of fine 
protrusions formed on the pixel electrode in the 
oblique direction relative to the extending direction 
of the edge . 

[0027] 

In this case, at least a part of the fine slits or 
the fine protrusions are preferably formed to have 
different shapes and/or spaced intervals of arrangement 
from others . 

[0028] 

In the first and second aspects, each of the 
corresponding orientation control elements is formed 
near the edge of the pixel electrode on the first 
substrate on which the pixel electrode is also formed. 
This makes it possible to almost completely eliminate 
an adverse effect of deviation in pasting width of the 
two substrates and greatly widen a manufacturing margin 
and sufficiently cope with an abrupt disorder of 
manufacturing apparatuses . 

[0029] 
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A liquid crystal display device according to the 
third aspect of the present invention is characterized 
in that a first orientation control element extending 
in a non-perpendicular direction and a nonparallel 
direction relative to the extending direction of the 
edge of the pixel electrode and a second orientation 
control element extending in a parallel direction 
relative to the extending direction of the edge are 
provided on at least one of the first substrate and the 
second substrate, and the first orientation control 
element has a wider width than the second orientation 
control element. 
[0030] 

A liquid crystal display device according to the 
fourth aspect of the present invention is characterized 
in that a first orientation control element extending 
in the non-perpendicular direction and the nonparallel 
direction relative to the extending direction of the 
edge of the pixel electrode and a second orientation 
control element extending in the parallel direction 
relative to the extending direction of the edge are 
provided on at least one of the first substrate and the 
second substrate, and the liquid crystal molecules of 
the liquid crystal layer on the second orientation 
control element are oriented in a non-vertical 
direction relative to the substrate when no voltage is 
being applied between the pixel electrode and the 
opposed electrode. 
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[0031] 

A liquid crystal display device according to the 
fifth aspect of the present invention is characterized 
in that a first orientation control element extending 
in the non-perpendicular direction and the nonparallel 
direction relative to the extending direction of the 
edge of the pixel electrode and a second orientation 
control element extending in the parallel direction 
relative to the extending direction of the edge are 
provided on at least one of the first substrate and the 
second substrate, and at least a part of the liquid 
crystal molecules of the liquid crystal layer on the 
second orientation control element are oriented in a 
vertical direction relative to the substrate when 
voltage is being applied between the pixel electrode 
and the opposed electrode. 

[0032] 

A liquid crystal display device according to the 
sixth aspect of the present invention is characterized 
in that a first orientation control element extending 
in the non-perpendicular direction and the nonparallel 
direction relative to the extending direction of the 
edge of the pixel electrode and a second orientation 
control element extending in the parallel direction 
relative to the extending direction of the edge are 
provided on at least one of the first substrate and the 
second substrate, and the second orientation control 
element is composed of an assembly of shapes having 
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directivity in a direction of a substrate's plane 
surface . 

[0033] 

Specifically, in the third to the sixth aspects, 
it is appropriate that the first orientation control 
element and/or the second orientation control element 
is constituted by slits or protrusions formed on the 
pixel electrode or the opposed electrode. 

[0034] 

In the third aspect, the first orientation control 
element is wider in width than the second orientation 
control element so that the strength of orientation 
control defined by the second orientation control 
element becomes weaker than an orientation control 
force defined by the first orientation control element 
on the pixel electrode. In this case, liquid crystal 
orientation near the second orientation control 
structure deviates from a perpendicular direction 
relative to an extending direction of the first 
orientation control structure. This makes it possible 
to stably realize an ideal state in which the liquid 
crystal molecules are oriented in a direction of 
approximately 45° relative to the second orientation 
control element and in a perpendicular direction 
relative to the first orientation control element on 
the pixel electrode. 

[0035] 
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In the fourth aspect, when no voltage is being 
applied, the liquid crystal molecules on the second 
orientation control element is non-vert ically oriented 
and is oriented in the same direction as the 
orientation direction of the liquid crystal molecules 
which causes a dark line to occur under voltage 
application, that is, a parallel direction to an 
extending direction of the second orientation control 
element. Consequently, when voltage is being applied, 
the dark line occurs stably only on the second 
orientation control element, the orientation on which 
is made to be non-vertical in advance. 

[0036] 

In the fifth aspect, the liquid crystal molecules 
on the second orientation control element are in 
vertical orientation under voltage application. One of 
the causes for strengthening the slanting electric 
field of the pixel electrode, which is one of the 
factors causing unevenness among each shot at the time 
of patterning, is an influence of an electric field of 
an adjacent bus line. In this aspect, a region in 
which the liquid crystal orientation does not change 
(remains in the vertical orientation) is provided 
between the bus line and the pixel electrode. This 
makes it possible to eliminate the influence given to 
the liquid crystal orientation on the pixel electrode 
by the bus line. Therefore, the slanting electric 
field of the edge of the pixel electrode can be 

24 



weakened and the unevenness among each shot is 
prevented from occurring. 
[0037] 

In the sixth aspect, the structure having 
directivity is provided as the second orientation 
control element. The directivity is in the same 

direction as the orientation direction of the liquid 
crystal molecules which causes the dark line to occur 
under voltage application, that is, a parallel 
direction to the extending direction of the second 
orientation control element. Thereby, the dark line 
occurs stably only on the second orientation control 
element having the directivity under voltage 
application. This makes it possible to eliminate the 
adverse effect caused by the occurrence of the dark 
line and realize an actually high light t ransmi t t a nee 
of the panel . 

[0038] 

The present invention also relates to a liquid 
crystal orientation method of a liquid crystal layer in 
the liquid crystal display device. According to the 
method, the liquid crystal molecules are oriented in 
accordance with the first to the sixth aspects. 

[0039] 

[EMBODIMENT] 

Hereinafter, preferred embodiments of the present 
invention will be described in detail with reference to 
drawings . 
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[0040] 

(First embodiment ) 

Fig. 1 is a schematic sectional view showing a 
main structure of a liquid crystal display device 
according to the first embodiment of the present 
invention . 

The liquid crystal display device, which is based 
on a so-called MVA system, is composed of a pair of 
transparent glass substrates 11, 12 facing each other 
with a predetermined spaced interval being provided 
therebetween and a liquid crystal layer 13 interposed 
between the transparent glass substrates 11, 12. 

[0041] 

On one of the transparent glass substrates 11, 
pixel electrodes 15 and not-shown thin film transistors 
(TFT) working as active elements, are formed with an 
insulating layer 14 being provided between them and the 
substrate 11. A transparent oriented film 16a is 

formed to cover the pixel electrodes 15. On the other 
transparent glass substrate 12, a color filter 17, a 
common electrode (an opposed electrode) 18, and an 
oriented film 16b are laminated in sequence. The glass 
substrates 11, 12 are fixed in a manner in which the 
oriented films 16a, 16b are pressed against each other 
to hold the liquid crystal layer 13 therebetween. 
Outside the substrates 11, 12, polarizers 19, 20 are 
provided respectively. The pixel electrodes 15 are 
formed with active matrixes (TFT matrixes) and, in the 
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example in Fig. 1, data bus lines 21 to which drain 
electrodes of the TFTs are connected are shown. 
Moreover, gate bus lines, though not shown, to which 
gate electrodes of the TFTs are connected are also 
formed. Incidentally, the electrodes are sometimes 
provided only on one of the substrates (for example, in 
a case of an IPS (In-Plane Switching) mode). 
[0042] 

As shown in Fig. 2A, on a surface of the 
transparent glass substrate 12 as a CF substrate, a 
bank-shaped pattern 22, which is an orientation control 
element extending in an oblique direction relative to 
an edge of the pixel electrode 15 on the opposed 
transparent glass substrate 11, is formed on the common 
electrode (under the oriented film) . Thereby, 
predetermined division, for example, four divided 
orientation, is performed to each pixel of the liquid 
crystal layer 13. 

[0043] 

Meanwhile, as shown in Fig. 2A and Fig. 2B, on a 
surface of the transparent glass substrate 11 as a TFT 
substrate, a slit pattern 23, which is an orientation 
control element extending in the oblique direction in 
this case relative to the edge of the pixel electrode 
15, is formed in the pixel electrode 15 to extend in a 
substantially parallel direction to an extending 
direction of the bank-shaped pattern 22. Furthermore, 
a hollow 24 is locally formed as an orientation control 
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element in a part other than the pixel electrode 15 in 
the vicinity of the edge of the pixel electrode 15, 
[0044] 

When an auxiliary bank is formed on the CF 
substrate as in a conventional art, a margin for 
pasting the substrates is only approximately ± 3 ji m. 
This gives only a minimum margin even when a pasting 
apparatus for substrates with high precision is 
utilized and enables manufacturing only when perfect 
control of process conditions is realized. Therefore, 
there is always a risk that a large amount of 
unevenness among each shot may occur to a panel even 
when a manufacturing apparatus gets into a bad 
condition only a little. This problem is basically 
caused because the auxiliary bank for controlling the 
orientation of a pixel electrode edge portion is not 
provided on a pixel electrode side but on an opposed 
substrate side. According to this embodiment, the 
hollow 24 as the orientation control element of the 
edge of the pixel electrode 15 is provided in the 
transparent glass substrate 11 on which the pixel 
electrode 15 is formed so that almost no influence is 
given by deviation in pasting. 

[0045] 

Therefore, according to this embodiment, it is 
possible to provide a liquid crystal display device 
which is capable of realizing high contrast by 
utilizing the MVA system, securing high reliability by 
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realizing an excellent viewing characteristic. At the 
same time, a liquid crystal display device is provided 
which is capable of greatly widening a manufacturing 
margin and sufficiently coping with an abrupt disorder 
of the manufacturing apparatus. 
[0046] 

As described above, to form the hollow 24 as the 
orientation control element of the edge on the surface 
of the transparent glass substrate 11 on which the 
pixel electrode 15 is formed means, in other words, to 
provide in a part of a pixel region for display near 
the edge an orientation control factor which gives an 
orientation disturbing force in a third direction 
different from a first direction of a liquid crystal 
orientation regulating force given by the bank-shaped 
pattern 22 and the slit pattern 23 within the pixel 
region for display and a second direction of a liquid 
crystal orientation regulating force given by a 
slanting electric field occurring near the edge of the 
pixel electrode. As a result, the manufacturing margin 
i s increased . 

[0047] 

A principle of providing the orientation control 
factor is shown in Fig. 3. 

Conventionally, a dark line occurs due to 
orientation abnormality near the edge of the pixel 
electrode (Fig. 3A). But, in contrast, the influence 
of the orientation abnormality due to the slanting 
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electric field is eliminated by giving to liquid 
crystal molecules the orientation regulating force in 
the third direction (Fig. 3B) which makes a bigger 
angle <j> 2 with the second direction than an angle <f> 1 
made by the first and second directions (Fig. 3C) . 
[0048] 

[Specific example of structure] 

As shown in Fig. 2, the hollow 24 is formed in a 
part near the edge of the pixel electrode 
(corresponding to a part where the conventional 
auxiliary bank is formed) . The hollow 24 is formed to 
be approximately 0.5 ii m in depth by patterning a SiN 
insulating film on the side of the transparent glass 
substrate 11 as the TFT substrate. The liquid crystal 
molecules at the edge of the pixel electrode have a 
pretilt angle in an opposite direction to the direction 
of the electric field, being influenced by the hollow 
24. This prevents the dark line from occurring as in 
a conventional case in which the auxiliary bank is 
provided . 

[0049] 

As explained above, according to this embodiment, 
the orientation abnormality within the pixel region for 
display caused by the slanting electric field which 
occurs outside the pixel region for display and in its 
vicinity is suppressed and the liquid crystal 
orientation is controlled to be in a stable and ideal 
state. Thereby, irregular display is prevented from 
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occurring and the light t ransmittance of the panel is 
greatly improved. This makes it possible to realize a 
liquid crystal display device with high reliability* 
[0050] 

Incidentally, instead of the orientation control 

element, or preferably, in addition to the orientation 

control element, a Cs electrode may be provided along 

the edge of the pixel electrode. The Cs electrode has 

the same electric potential as that of the opposed 

substrate side so that liquid crystal molecules in the 

part where the Cs electrode is provided do not tilt. 

Therefore, providing the Cs electrode makes it possible 

to shield the influence of the electric field from the 

bus line (electric field intensity does not easily 

fluctuate near the edge of the pixel electrode) so that 

stable orientation can be constantly obtained. 

[0051] 
(Second embodiment ) 

The second embodiment of the present invention 

will be described below. Here, a liquid crystal 

display device based on the MVA system will be 

described like in the first embodiment. But the 

orientation control element formed near the pixel 

electrode 15 on the TFT substrate side has a different 

form . 

[0052] 

Like in the first embodiment schematically shown 
in Fig. 1, this liquid crystal display device is 
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composed of a pair of transparent glass substrates 11, 
12 facing each other with a predetermined spaced 
interval being provided therebetween and the liquid 
crystal layer 13 interposed between the transparent 
glass substrates 11, 12. On the transparent glass 
substrate 11, the pixel electrodes 15, data bus lines 
21, a gate bus line (not shown), and so on are formed. 
On the transparent glass substrate 12, the color filter 
17, the common electrode 18, and so on are formed. 
[0053] 

In the liquid crystal display device, as shown in 
Fig. 4, the bank-shaped pattern 22, which is the 
orientation control element extending in an oblique 
direction relative to the edge of the pixel electrode 
15 on the opposed transparent glass substrate 11, is 
formed on the surface of the transparent glass 
substrate 12 as the CF substrate. Thereby, 
predetermined division, for example, the four divided 
orientation, is performed on each pixel of the liquid 
crystal layer 13. 

[0054] 

Meanwhile, on the surface of the transparent glass 
substrate 11 as the TFT substrate, the slit pattern 23, 
which is the orientation control element extending in 
the oblique direction relative to the edge of the pixel 
electrode 15, is formed on the pixel electrode 15 to 
extend substantially in parallel to an extending 
direction of the bank-shaped pattern 22. Furthermore, 
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near the edge of the pixel electrode 15, fine slit 
patterns 25 (concave portions in the pixel electrode 
15) are formed locally in an oblique direction relative 
to the extending direction of the edge (for example, 
45° ) to constitute an orientation control element. 
[0055] 

According to this embodiment, forming in the pixel 
electrode 15 the fine slit patterns 25 as the 
orientation control element of the edge of the pixel 
electrode 15 makes it possible to eliminate almost all 
the influences by deviation in pasting. 
[0056] 

Therefore, according to this embodiment, it is 
possible to provide a liquid crystal display device 
which is capable of realizing high contrast by 
utilizing the MVA system and securing high reliability 
by realizing an excellent viewing characteristic. At 
the same time, a liquid crystal display device is 
provided which is capable of widening the manufacturing 
margin to a greater extent than in the first embodiment 
and sufficiently coping with the abrupt disorder of the 
manufacturing apparatus . 

[0057] 

A t ransmittance- volt age characteristic (a T-V 
characteristic) when this embodiment is actually 
applied is shown in Fig. 5 and Figs. 6. 

It is apparent that the orientation near the edge 
of the pixel electrode is made in good order by the 
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fine slit patterns 25 without the conventional 
auxiliary bank being provided. Though the liquid 

crystal orientation near the edge is made in disorder 
at a low voltage of 3V, this is because the influence 
of the fine slit patterns 25 is weaker than the 
electric field of the edge of the pixel electrode at a 
low voltage. With sufficient voltage being impressed, 
the effect of the fine slit patterns 25 fully works to 
improve the t ransmitt ance to the same level as that 
when the auxiliary bank is provided. 
[0058] 

(Specific example of structure] 
As shown in Fig. 4, cuts of the fine slit patterns 
25 are formed in the pixel electrode 15 near the edge 
of the pixel electrode. It has been found that forming 
the fine slit patterns 25 causes the liquid crystal 
molecules to tilt in a parallel direction to an 
extending direction of the fine slit patterns 25 under 
voltage application. This effect is utilized near the 
edge. It is apparent from Figs. 6 that the diorder of 
the liquid crystal orientation is suppressed near the 
edge . 

[0059] 

Fig. 7 shows a difference in states of the 
orientation depending on the depth of the cuts of the 
fine slit patterns 25. 
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In utilizing the fine slit patterns 25, more 
effect is obtained when the slit depth of the patterns 
is made sufficiently long. 

[0060] 

Moreover, according to this embodiment, since the 
liquid crystal orientation near the edge is made in 
good order by cleverly planning distribution of the 
electric field, not much effect is obtained at low 
voltage but as the higher voltage is applied, the more 
effect is obtained. As shown in Fig. 5, display 

chromaticity of a panel with the auxiliary bank becomes 
white at applied voltage of 5.3V while that of a panel 
without the auxiliary bank becomes white at applied 
voltage of 6.3V. With sufficient voltage being applied, 
the t ransmittance equal to or higher than that when the 
auxiliary bank is utilized is obtained. In this 

embodiment, the fine slit patterns 25 are also formed 
by patterning a part of the pixel electrode 15 so that 
no influence by the deviation in pasting of the two 
substrates is given to the relative position between 
the pixel electrode and the edge and therefore, great 
increase in a pasting margin is realized. 

[0061] 

As explained above, according to this embodiment, 
the orientation abnormality within the pixel region for 
display, which is caused by the slanting electric field 
occurring outside the pixel region for display and in 
its vicinity, is further suppressed and the liquid 
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crystal orientation is controlled to be in a stable and 
ideal state. As a result, irregular display is 

prevented from occurring and the light t r ansmi t t ance of 
the panel and brightness uniformity are greatly 
enhanced- This makes it possible to realize a liquid 
crystal display device with high reliability. 

[0062] 
-Modifications- 
Modifications of the second embodiment will be 
described below. 

In the modifications, at least a part of the fine 
slit patterns 25 in the liquid crystal display device 
according to the second embodiment are formed to have 
different shapes and/or be arranged at different spaced 
intervals. Modifications 1 to 3 will be described 
below in order as specific examples. 

[0063] 
(Modification 1) 

Here, as shown in Fig. 8, each of the fine slit 
patterns 25 is different in length from each other and 
the orientation regulating force in the third direction 
is adjusted freely. Incidentally, each of the fine 
slit patterns 25 is also different in length in the 
example shown in Fig. 4. In this case, however, they 
are formed to match the form of the pixel electrode 15 
near the edge. Meanwhile, in this example, the length 
of each of the slit patterns 25 is defined 
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independently from the shape of the pixel electrode 15 
near the edge . 

[0064 ] 
(Modification 2) 

Here, as shown in Fig. 9, each of the fine slit 

patterns 25 is different from each other in length, 

width, and a spaced interval between adjacent fine slit 

patterns 25. Consequently, the orientation regulating 

force in the third direction can be adjusted more 

delicately at a desired strength. 

[0065] 
(Modification 3) 

Here, as shown in Fig. 10, each of the fine slit 
patterns 25 has a tapered shape to have directivity. 
This makes it possible to strongly determine a tilting 
direction defined by the orientation regulating force 
in the third direction. 

[0066] 

The first and second embodiments have been described 
above. Various effects and features of the examples 
and comparative examples of structure are summarized 
in Fig. 11 and Fig. 12. 

Note that ® shows the conventional structure with 
the auxiliary bank being provided on the CF substrate, 
(D the conventional structure without the auxiliary 
bank, (3) the structure with the auxiliary bank being 
provided to extend in a different direction, ® the 
structure with the hollow 24 in the first embodiment 
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being provided, and (5) the structure with the fine slit 
patterns 25 in the second embodiment being provided, 
respectively . 
[0067 ] 

As is apparent from the drawings, the liquid 

crystal display devices having the structures in the 

first and second embodiments are capable of realizing 

high t ransmitt ance and securing a misalignment margin 

without sacrificing the t ransmitt ance , which is not 

realized in the comparative examples- Particularly, 

the structure in the second embodiment shows the most 

distinguished effect. 

[0068] 
(Third embodiment ) 

The third embodiment of the present invention will 
be described below. Here, a liquid crystal display 
device based on the MVA system like in the second 
embodiment will be described. But, an orientation 

control element provided near the edge of the pixel 
electrode is different from that in the second 
embodiment . 

[0069] 

In the liquid crystal display device according to 
this embodiment, as shown in Fig. 13, on the surface of 
the transparent glass substrate 11 as the TFT substrate, 
the slit pattern 23, which is the orientation control 
element extending in the oblique direction relative to 
the edge of the pixel electrode 15, is formed in the 
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pixel electrode 15 to extend substantially in parallel 
to the extending direction of the bank-shaped pattern 
22 on the transparent glass substrate 12. Furthermore, 
near the edge of the pixel electrode 15, fine linear 
protrusion patterns 26 are formed locally as an 
orientation control element in the oblique direction 
relative to the extending direction of the edge (for 
example , 4 5°). 
[0070] 

According to this embodiment , forming the fine 
protrusion patterns 26, which constitute an orientation 
control element of the edge of the pixel electrode 15, 
on the pixel electrode 15 makes it possible to 
eliminate almost all the influence of the deviation in 
pasting . 

[0071] 

Therefore, according to this embodiment, it is 
possible to provide a liquid crystal display device 
which is capable of realizing high contrast by 
utilizing the MVA system and securing high reliability 
by realizing an excellent viewing characteristic. At 
the same time, a liquid crystal display device is 
provided which is capable of widening a manufacturing 
margin to a greater extent than in the first embodiment 
and sufficiently coping with an abrupt disorder of the 
manufacturing apparatus . 

■ 

[ 0072 ] 
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Incidentally, it is also appropriate in this 

embodiment like in the modification examples of the 

second embodiment that each of the fine protrusion 

patterns 26 is made different in length, width, and 

spaced intervals from adjacent fine protrusion patterns 

26 so that the orientation regulating force in the 

third direction is adjusted delicately at a desired 

strength . 

[0073] 
(Fourth embodiment ) 

The fourth embodiment of the present invention 
will be described below. Here, a liquid crystal 

display device based on the MVA system like in the 
first embodiment will be described. But, an 

orientation control element provided near the edge of 
the pixel electrode is different. 

[0074 ] 

Like in the first embodiment schematically shown 
in Fig. 1, this liquid crystal display device is 
composed of a pair of transparent glass substrates 11, 
12 facing each other with a predetermined spaced 
interval being provided therebetween and the liquid 
crystal layer 13 interposed between the transparent 
glass substrates 11, 12. On the transparent glass 
substrate 11, the pixel electrodes 15, the data bus 
lines 21, the gate bus line (not shown), and so on are 
formed. On the transparent glass substrate 12, the 
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color filter 17, the common electrode 18, and so on are 
formed . 

[0075] 

In the liquid crystal display device, as shown in 
Fig. 14A, on the surface of the transparent glass 
substrate 11 as the TFT substrate, the slit pattern 23, 
which is the orientation control element extending in 
the oblique direction relative to the edge of the pixel 
electrode 15, is formed in the pixel electrode 15. 

[0076] 

Meanwhile, on the surface of the transparent glass 
substrate 12 as the CF substrate, a slit pattern 31, 
which is an orientation control element extending in 
the oblique direction relative to the edge of the pixel 
electrode 15 on the opposed transparent glass substrate 
11, is formed in the common electrode to extend 
substantially in parallel to the extending direction of 
the slit pattern 23. Thereby, predetermined division, 
for example, the four divided orientation, is performed 
on each pixel of the liquid crystal layer 13. 

[0077] 

Moreover, on the surface of the transparent glass 
substrate 12, a slit pattern 32 is integrally formed 
with the slit pattern 31 along the edge of the pixel 
electrode 15 to branch off in an oblique direction from 
the slit pattern 31 as shown in Fig. 14A and Fig. 14B 
(sectional views taken along the I-I' line and II-II' 
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line). The slit pattern 32 is formed to be smaller in 
width than the slit pattern 31. 
[0078] 

As a result, an orientation control defined by the 
slit pattern 32 is weaker in strength than the 
orientation control defined by the slit pattern 23 in 
the pixel electrode 15 as shown in Fig. 15A and Fig. 
15B. At this time, the liquid crystal orientation 
defined by the slit pattern 32 is oriented to deviate 
from a perpendicular direction relative to the 
extending direction of the slit pattern 23. In this 
way, an ideal state in which the liquid crystal 
molecules are oriented in the direction of 
approximately 45° relative to the slit pattern 32 and 
in the perpendicular direction relative to the slit 
pattern 23 in the pixel electrode 15 is stably realized. 
[0079] 

[Specific example of structure] 

As shown in Figs. 14, the slit pattern 23 for 
controlling the liquid crystal orientation is formed in 
the pixel electrode 15 on the transparent glass 
substrate (the TFT substrate) 11 having the pixel 
electrodes, the active element (TFT), the data bus 
lines, the gate bus line, and so on. On the 

transparent glass substrate (the CF substrate) 12 
having the common electrode and so on, the slit pattern 
31 for controlling the liquid crystal orientation and 
the slit pattern 32 for auxiliary control provided 
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along the edge of the pixel electrode are formed in the 
common electrode. The slit pattern 32 on the CF 

substrate is smaller in width than the slit pattern 31 
which is arranged to extend in a nonparallel direction 
and in a non-vertical direction relative to the edge. 
[0080] 

A TFT substrate with a 15-inch type screen and a 
pixel number of 1024 x 768 (XGA) is utilized. A pixel 
pitch is 297 ji m. The slit pattern 23 on the TFT 
substrate is formed to extend in the direction of 
approximately 45° relative to the edge of the pixel 
electrode. The slit width thereof is 10 jjl m . As for 
the slit patterns on the CF substrate, the slit pattern 
31 is formed to extend in the direction of 45 
relative to the edge of the pixel electrode and the 
slit pattern 32 is formed along the edge of the pixel 
electrode. The slit pattern 31 is 10 At m in width and 
the slit pattern 32 is 5 jam in width. An overlapping 
margin of the slit pattern 32 and the pixel electrode 
is 5 ix m . 

[0081] 

Oriented films are formed and coated over the 
surfaces of the substrates thus fabricated. Here, the 
substrates are spin-coated with oriented film material 
thereon, pre-baked at 80 °C for one minute (using a 
hotplate), and thereafter, subjected to permanent 
baking at 180 °C for 60 minutes (using a clean oven) . 
The substrates on which the oriented films are formed 
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in this way are pasted with each other in a manner in 
which the slit patterns deviate from each other by a 
half pitch to fabricate an empty cell. A cell gap is 4 
li m and a distance of each spaced interval part between 
each slit pattern is 25 \x m. To the empty cell thus 
fabricated, liquid crystal material is injected and 
after various processes the liquid crystal display 
device is completed . 
[0082] 

As explained above, according to this embodiment, 
the orientation abnormality within the pixel region for 
display caused by the slanting electric field which 
occurs outside the pixel region for display and in its 
vicinity is suppressed and the liquid crystal 
orientation is controlled to be in a stable and ideal 
state. Thereby, irregular display is prevented from 
occurring and the light t ransmittance of the panel is 
greatly improved. This makes it possible to realize a 
liquid crystal display device with high reliability. 

[0083] 
-Modif ication- 

A modification of the fourth embodiment will be 
described below. 

In this modification, bank-shaped patterns instead 
of the slit patterns are formed as orientation control 
elements on the CF substrate in the liquid crystal 
display device according to the fourth embodiment. 

[0084] 

44 



In the liquid crystal display device, as shown in 
Fig. 16A, the slit pattern 23, which is the orientation 
control element extending in the oblique direction 
relative to the edge of the pixel electrode 15, is 
formed in the pixel electrode 15 on the surface of the 
transparent glass substrate 11 as the TFT substrate. 

[0085] 

Incidentally, in this case, a bank-shaped pattern, 
which is a linear protrusion, may be formed instead of 
the slit pattern 23 in the same position where the slit 
pattern 23 is formed. 

[0086] 

Meanwhile, on the surface of the transparent glass 
substrate 12 as the CF substrate, a bank-shaped (linear 
protrusion) pattern 41, which is an orientation control 
element extending in the oblique direction relative to 
the edge of the pixel electrode 15 on the opposed 
transparent glass substrate 11, is formed on the common 
electrode to extend substantially in parallel to the 
extending direction of the slit pattern 23. 
Consequently, predetermined division, for example, the 
four divided orientation, is performed on each pixel of 
the liquid crystal layer 13. 

[0087] 

Moreover, on the surface of the transparent glass 
substrate 12, a bank-shaped pattern 42 is integrally 
formed with the bank-shaped pattern 41 along the edge 
of the pixel electrode 15 to branch off in an oblique 
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direction from the bank-shaped pattern 41 as shown in 
Fig. 16A and Fig. 16B (sectional views taken along the 
I-I' line and II-II' line). The bank-shaped pattern 42 
is formed to be smaller in width than the bank-shaped 
pattern 4 1 . 
[0088] 

As a result , orientation control defined by the 
bank-shaped pattern 42 is weaker in strength than the 
orientation control defined by the slit pattern 23 in 
the pixel electrode 15 as shown in Fig. 17A and Fig. 
17B. At this time, the liquid crystal orientation 
defined by the bank-shaped pattern 42 is oriented to 
deviate from a perpendicular direction relative to the 
extending direction of the slit pattern 23. Thus, an 
ideal state in which the liquid crystal molecules are 
oriented in the direction of approximately 45 
relative to the bank-shaped pattern 42 and in the 
perpendicular direction relative to the slit pattern 23 
in the pixel electrode 15 can be stably realized. 
[0089] 

[Specific example of structure] 

The structure of this example is the same as the 
specific structure in the fourth embodiment except in 
the following point. 

As shown in Figs. 16, the bank-shaped patterns are 
formed on the CF substrate side. Two types of the 
bank-shaped patterns are provided. One of them extends 
in the direction of 45° relative to the edge of the 
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pixel electrode 15 (the bank-shaped pattern 41) and the 
other one extends along the edge of the pixel electrode 
15 (the bank-shaped pattern 42). They are different in 
width. The bank-shaped pattern 41 is 10 ix m in width 
and the bank-shaped pattern 42 is 3 ii m in width. An 
overlapping width of the bank-shaped pattern 42 and the 
pixel electrode 15 is 5 ju m . 
[0090] 

A photosensitive acrylic resin PC-335 

(manufactured by JSR) is used for material for the 
bank-shaped patterns. The bank-shaped patterns are 
formed in a manner in which the substrate is spin- 
coated with the resin thereon, baked at 90 °C for 20 
minutes (using a clean oven) , selectively irradiated 
with ultraviolet rays using a photomask, developed with 
an organic alkali type developing solution (TMAHO 0.2 
wt% aqueous solution), and baked at 200 °C for 60 
minutes (using the clean oven). The CF substrate on 
which the bank-shaped patterns are formed is subjected 
to ashing treatment, and thereafter, a vertically 
oriented film is coated thereon. The ashing treatment 
is performed in an oxygen plasma atmosphere with 
electric power of 500 W being applied for approximately 
one minute . 
[0091] 

As explained above, according to this modification, 
the orientation abnormality within the pixel region for 
display caused by the slanting electric field which 
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occurs outside the pixel region for display and in its 
vicinity is suppressed and the liquid crystal 
orientation is controlled to be in a stable and ideal 
state. Consequently, irregular display is prevented 
from occurring and the light t r ansmi t t ance of the panel 
is greatly enhanced. This makes it possible to realize 
a liquid crystal display device with high reliability. 
[0092] 

Note that characteristics of the fourth embodiment 

and its modification example are that the orientation 

control elements are changed in their widths and shapes. 

Therefore, other conditions such as the overlapping 

width with the edge of the pixel electrode 15 is not 

restrictive of the present invention. 

[0093] 
(Fifth embodiment ) 

The fifth embodiment of the present invention will 
be described below. Here, a liquid crystal display 
device based on the MVA system like in the fourth 
embodiment will be described. But, an orientation 
control given near the edge of the pixel electrode is 
performed in a different way. 

[0094 ] 

Like in the first embodiment schematically shown 
in Fig. 1, this liquid crystal display device is 
composed of a pair of transparent glass substrates 11, 
12 facing each other with a predetermined spaced 
interval being provided therebetween and the liquid 
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crystal layer 13 interposed between the transparent 
glass substrates 11, 12. On the transparent glass 
substrate 11, the pixel electrode 15, the data bus 
lines 21, the gate bus line (not shown), and so on are 
formed. On the transparent glass substrate 12, the 
color filter 17, the common electrode 18, and so on are 
formed . 

[0095] 

In the liquid crystal display device, as shown in 
Fig. 18A, the slit pattern 23, which is the orientation 
control element extending in the oblique direction 
relative to the edge of the pixel electrode 15, is 
formed in the pixel electrode 15 on the surface of the 
transparent glass substrate 11 as the TFT substrate. 

[0096] 

Incidentally, in this case, a bank-shaped pattern, 
which is a linear protrusion, may be formed instead of 
the slit pattern 23 in the same position where the slit 
pattern 23 is formed. 

[0097] 

Meanwhile, on the surface of the transparent glass 
substrate 12 as the CF substrate, the bank-shaped 
(linear protrusion) pattern 41, which is the 
orientation control element extending in the oblique 
direction relative to the edge of the pixel electrode 
15 on the opposed transparent glass substrate 11, is 
formed on the common electrode to extend substantially 
in parallel to the slit pattern 23. Thereby, 
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predetermined division, for example, the four divided 
orientation, is performed on each pixel of the liquid 
crystal layer 13. 
[0098] 

Moreover, on the surface of the transparent glass 
substrate 12, the bank-shaped pattern (an auxiliary 
bank) 42 is integrally formed with the bank-shaped 
pattern 41 along the edge of the pixel electrode 15 to 
branch off in the oblique direction from the bank- 
shaped pattern 41 as shown in Fig. 18A and Fig. 18B 
(sectional views taken along the I-I' line and the II- 
II' line). The liquid crystal molecules of the liquid 
crystal layer 13 on the bank-shaped pattern 42 are non- 
vertically oriented when no voltage is being applied 
between the pixel electrode 15 of the TFT substrate and 
the common electrode 18 of the CF substrate. 
[0099] 

Incidentally, in this case, slit patterns, which 
are linear protrusions, may be provided instead of the 
bank-shaped patterns 41, 42 in the same positions where 
the bank-shaped patterns 41, 42 are formed. 

[0100] 

Here, the liquid crystal orientation direction is 
the same as an orientation direction of the liquid 
crystal molecules which causes the dark line to occur 
under voltage application, that is, a parallel 
direction to the extending direction of the bank-shaped 
pattern 42. Thus, the dark line occurs stably only on 
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the bank-shaped pattern 42 on which the liquid crystal 
molecules are non-vertically oriented in advance- 
Consequently, an actual adverse effect due to an 
occurrence of the dark line is eliminated. 
[0101] 

(Specific example of structure) 

The structure of this example is the same as the 
specific structure in the fourth embodiment except in 
the following point. 

As shown in Figs. 18, the liquid crystal molecules 
on the bank-shaped pattern 42 disposed along the edge 
of the pixel electrode 15 are non-vertically oriented. 
The non-vertical orientation is realized by repelling 
the oriented film coated on the bank-shaped pattern 42 
with the ashing treatment not being applied selectively 
only on the bank-shaped pattern 42. The bank-shaped 
pattern 42 is 10 jam in width. The overlapping margin 
of the bank-shaped pattern 42 and the pixel electrode 
15 is 4 ii m . 

[ 0102 ] 

Note that the characteristic of this embodiment is 
that the liquid crystal orientation on the bank-shaped 
pattern 42 is made non-vertical. Therefore, other 

conditions such as the overlapping width with the edge 
of the pixel electrode 15 are not restrictive of the 
present invention. 

[0103] 
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As explained above, according to this embodiment, 
the orientation abnormality within the pixel region for 
display caused by the slanting electric field which 
occurs outside the pixel region for display and in its 
vicinity is suppressed and the liquid crystal 
orientation is controlled to be in a stable and ideal 
state. Thereby, irregular display is prevented from 
occurring and the light transmit tance of the panel is 
enhanced to a great extent. This makes it possible to 
realize a liquid crystal display device with high 
reliability . 

[0104 ] 
(Sixth embodiment ) 

The sixth embodiment of the present invention will 
be described below. Here, a liquid crystal display 
device based on the MVA system will be described like 
in the fourth embodiment but the orientation control 
provided near the edge of the pixel electrode is 
performed in a different way. 

[0105] 

Like in the first embodiment schematically shown 
in Fig. 1, this liquid crystal display device is 
composed of a pair of transparent glass substrates 11, 
12 facing each other with a predetermined spaced 
interval being provided therebetween and the liquid 
crystal layer 13 interposed between the transparent 
glass substrates 11, 12. On the transparent glass 
substrate 11, the pixel electrodes 15, the data bus 
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lines 21, the gate bus line (not shown), and so on are 
formed. On the transparent glass substrate 12, the 
color filter 17, the common electrode 18, and so on are 
formed . 

[0106] 

In the liquid crystal display device, as shown in 
Fig. 19A, the slit pattern 23, which is the orientation 
control element extending in the oblique direction 
relative to the edge of the pixel electrode 15, is 
formed in the pixel electrode 15 on the surface of the 
transparent glass substrate 11 as the TFT substrate. 

[0107] 

Incidentally, in this case, a bank-shaped pattern, 
which is a linear protrusion, may be formed instead of 
the slit pattern 23 in the same position where the slit 
pattern 23 is formed. 

[0108] 

Meanwhile, on the surface of the transparent glass 
substrate 12 as the CF substrate, the bank-shaped 
(linear protrusion) pattern 41, which is the 
orientation control element extending in the oblique 
direction relative to the edge of the pixel electrode 
15 on the opposed transparent glass substrate 11, is 
formed on the common electrode to extend substantially 
in parallel to the extending direction of the slit 
pattern 23. Thereby, predetermined division, for 

example, the four divided orientation, is performed on 
each pixel of the liquid crystal layer 13. 
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[0109] 

Moreover, on the surface of the transparent glass 
substrate 12, as shown in Fig. 19A and Fig. 19B (a 
sectional view taken along the I-I' line), a bank- 
shaped pattern (an auxiliary bank) 43, which is an 
assembly of protrusions having shapes with directivity 
along the edge of the pixel electrode 15, a triangle- 
shaped section here, and being tapered toward an 
opposite side of the bank-shaped pattern 41, is 
integrally formed with the bank-shaped pattern 41 to 
branch off in the oblique direction from the bank- 
shaped pattern 41. 

[0110] 

Incidentally, in this case, slit patterns may be 
provided instead of the bank-shaped patterns 41, 43 in 
the same positions where the bank-shaped patterns 41, 
4 3 are formed . 

[0111] 

Here, the direction of the directivity defined by 
the bank-shaped pattern 43 is the same as the 
orientation direction of the liquid crystal molecules 
which causes the dark line to occur under voltage 
application, that is, a parallel direction to the 
extending direction of the bank-shaped pattern 43. 
Thereby, under voltage application, the dark line 
occurs stably only on the bank-shaped pattern 43 which 
has the directivity. Consequently, an actual adverse 
effect due to an occurrence of the dark line is 
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eliminated and an actually high light t ransmi t t ance of 
the panel can be realized. 
[0112] 

[Specific example of structure] 

The structure of this example is the same as the 
specific structure in the fourth embodiment except in 
the following point. 

As shown in Figs. 19, the bank-shaped pattern 43 
which is disposed along the edge of the pixel electrode 
15 is shaped to have the directivity in a parallel 
direction to the substrate's plane surface. An 
isosceles triangle-shaped section is used as the shape 
with the directivity. The base of the triangle is 5 ju 
m and the height is 9 ix m . The triangles (four in this 
embodiment) are arranged being connected with each 
other. An overlapping margin of the bank-shaped 

pattern 43 and the pixel electrode 15 is 4 jam. 

[0113] 

The bank-shaped pattern 43 having the directivity 
needs to be arranged to have directivity toward an 
outer direction from the bank-shaped pattern 41 which 
extends in the direction of 45° relative to the edge 
of the adjacent pixel electrode 15. This arrangement 
makes it possible to realize orientation control by 
which the dark line is allowed to occur stably on the 
position of the bank-shaped pattern 43. 

[0114] 
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Note that the characteristic of this embodiment is 
that the bank-shaped pattern along the edge of the 
pixel electrode has the directivity. Therefore, other 
conditions such as the overlapping width with the edge 
are not restrictive of the present invention. 

[0115] 

Incidentally, as shown in Fig. 20A and Fig. 20B (a 
sectional view taken along the line I-I')/ the bank- 
shaped pattern 43 having the directivity may be 
disposed not on the CF substrate but on the TFT 
substrate. Furthermore, it is also appropriate that 
the bank-shaped pattern 43 is disposed on both of the 
substrates. In this case, the bank-shaped pattern 43 
has a triangle-shaped section and in contrast to the 
case in Fig. 19A, is tapered toward the bank-shaped 
pat t ern 4 1 . 

[0116] 
(Seventh embodiment ) 

The seventh embodiment of the present invention 
will be described below. Here, a liquid crystal 

display device based on the MVA system like in the 
fourth embodiment will be described. But, an 

orientation control provided near the edge of the pixel 
electrode is performed in a different way. 

[0117] 

Like in the first embodiment schematically shown 
in Fig. 1, this liquid crystal display device is 
composed of a pair of transparent glass substrates 11, 
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12 facing each other with a predetermined spaced 
interval being provided therebetween and the liquid 
crystal layer 13 interposed between the transparent 
glass substrates 11, 12. On the transparent glass 
substrate 11, the pixel electrodes 15, the data bus 
lines 21, the gate bus line (not shown), and so on are 
formed. On the transparent glass substrate 12, the 
color filter 17, the common electrode 18, and so on are 
formed . 

[ 0118 ] 

In the liquid crystal display device, as shown in 
Fig. 21A, the slit pattern 23, which is the orientation 
control element extending in the oblique direction 
relative to the edge of the pixel electrode 15, is 
formed in the pixel electrode 15 on the surface of the 
transparent glass substrate 11 as the TFT substrate. 

[0119] 

Incidentally, in this case, a bank-shaped pattern, 
which is a linear protrusion, may be formed instead of 
the slit pattern 23 in the same position where the slit 
pattern 23 is formed. 

[0120] 

Meanwhile, on the surface of the transparent glass 
substrate 12 as the CF substrate, the slit pattern 31, 
which is the orientation control element extending in 
the oblique direction relative to the edge of the pixel 
electrode 15 on the opposed transparent glass substrate 
11, is formed in the common electrode to extend 
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substantially in parallel to the extending direction of 
the slit pattern 23. Thereby, predetermined division, 
for example, the four divided orientation, is performed 
on each pixel of the liquid crystal layer 13. 
[0121] 

Moreover, on the surface of the transparent glass 
substrate 12, the slit pattern 44 is integrally formed 
with the slit pattern 31 along the edge of the pixel 
electrode 15 to branch off in the oblique direction 
from the slit pattern 31 as shown in Fig. 21A and Fig. 
21B. 

[0122] 

Incidentally, in this case, bank-shaped patterns, 
which are linear protrusions, may be provided instead 
of the slit patterns 31, 44 in the same positions where 
the slit patterns 31, 44 are formed. 

[0123] 

Here, at least a part of the liquid crystal 
molecules of the liquid crystal layer 13 on the slit 
pattern 44 are vertically oriented when voltage is 
being applied between the pixel electrode 15 and the 
common electrode 18. Specifically, no pixel electrode 
15 exists at least on a part of a place facing the slit 
pattern 44 on the CF substrate. 

[0124 ] 

One of the causes which strengthen the slanting 
electric field of the pixel electrode 15, which is one 
factor of causing unevenness among each shot at the 
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time of patterning, is an influence from an electric 
field of an adjacent data bus line. In this embodiment, 
a region in which the liquid crystal orientation does 
not change (remains in the vertical direction) is 
provided between the data bus line 21 and the pixel 
electrode 15 so that the influence given to the liquid 
crystal orientation on the pixel electrode 15 by the 
bus line can be eliminated. As a result, the slanting 
electric field of the edge of the pixel electrode 15 
can be weakened and the unevenness among each shot can 
be prevented from occurring. 
[0125] 

[Specific example of structure] 

The structure of this example is the same as the 
specific structure in the fourth embodiment except in 
the following point. 

As shown in Figs. 21, the slit pattern 31, which 
is disposed to extend in the direction of 45° relative 
to the edge of the pixel electrode 15, and the slit 
pattern 44, which is disposed to extend along the edge 
of the pixel electrode 15, are both 10 \x m in width and 
an overlapping width of the data bus line 21 and the 
slit pattern 44 is 2 jum. 

[0126] 

The distance between the pixel electrode 15 and 
the adjacent data bus line 21 is 10 }i m . This means 
that a region of 8 jam with no electrode exists between 
the pixel electrode 15 and the data bus line 21. 
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Consequently, with no electrode existing in the region, 
the liquid crystal molecules maintain their vertical 
orientat.ion state in this region even when voltage is 
being applied to the electrodes in their vicinity. 
[0127 ] 

Moreover, when an insulating film is selectively 
formed in the region without any electrode existing 
therein, thickness of a cell in this region is made 
thinner than that in other regions. Thereby, the 

vertical orientation state can be more stably realized. 

[0128] 

Note that the characteristic of this embodiment is 
that the liquid crystal molecules between the pixel 
electrode and the bus line are maintained in the 
vertical orientation state under voltage application. 
Therefore, other conditions such as an overlapping 
width with the pixel edge is not restrictive of this 
invention . 

[0129] 

As explained above, according to this embodiment, 
the orientation abnormality within the pixel region for 
display caused by the slanting electric field which 
occurs outside the pixel region for display and in its 
vicinity is suppressed and the liquid crystal 
orientation is controlled to be in a stable and ideal 
state. Thereby, irregular display is prevented from 
occurring and the light t ransmitt ance of the panel is 
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greatly enhanced. This makes it possible to realize a 
liquid crystal display device with high reliability. 
[0130] 

Various forms of the present invention are 
described below as appendix 
[0131] 

(Appendix 1) A liquid crystal display device 
comprising : 

a first substrate having thereon a pixel 
electrode and an active element; 

a second substrate having thereon an opposed 
electrode; and 

a liquid crystal layer interposed between said 
first and second substrates with said electrodes 
facing each other, 

wherein an orientation control element giving an 
orientation regulating force in a third direction 
which is different from a first direction of an 
orientation regulation force given to liquid crystal 
molecules of said liquid crystal layer within a 
region of said pixel electrode and a second direction 
of an orientation regulating force given due to an 
edge of said pixel electrode on said first substrate 
to said liquid crystal molecules near said edge is 
locally provided in a part near said edge of said 
pixel electrode on said first substrate. 

[0132] 
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(Appendix 2) The device according to claim 1, wherein 
said orientation control element is constituted by a 
plurality of fine slits formed in said pixel electrode 
in an oblique direction relative to an extending 
direction of said edge or a plurality of fine 
protrusions formed on said pixel electrode in a oblique 
direction relative to an extending direction of said 
edge . 

[0133] 

(Appendix 3) The device according to claim 2, wherein 
at least a part of said fine slits or said fine 
protrusions are different in shape and/or spaced 
interval of arrangement from each other. 
[0134] 

(Appendix 4) The device according to claim 1, wherein 
said orientation control element is a hollow formed in 
a part other than said pixel electrode. 
[0135] 

(Appendix 5) The device according to claim 1, wherein 
said orientation control element is formed so that an 
angle <t> 2 made by said second and third directions is 
bigger than an angle 0 1 made by said first and second 
directions when said angle 0 1 is obtuse. 
[0136] 

(Appendix 6) The device according to claim 1, wherein 
a dielectric anisotropy of said liquid crystal 
molecules of said liquid crystal layer is negative. 
[0137 ] 
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(Appendix 7) The device according to claim 1, wherein 
another orientation control element regulating said 
liquid crystal molecules of said liquid crystal layer 
to be oriented in said first direction is provided on 
said second substrate. 
[0138] 

(Appendix 8) A liquid crystal display device 
comprising : 

a first substrate having thereon a pixel 
electrode and an active element ; 

a second substrate having thereon an opposed 
electrode; and 

a liquid crystal layer interposed between said 
first and second substrates with said electrodes 
facing each other, 

wherein an orientation control element giving an 
orientation regulating force to liquid crystal 
molecules near an edge of said pixel electrode on said 
first substrate is locally provided near said edge on 
said first substrate so that said liquid crystal 
molecules including those near said edge are oriented 
in substantially the same direction, when difference in 
orientation direction among said liquid crystal 
molecules adjacent to each other near said edge is 
caused by an orientation regulating force given by said 
edge of said pixel electrode to said liquid crystal 
molecules of said liquid crystal layer when voltage is 
being applied between said pixel and opposed electrodes. 
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[0139] 

(Appendix 9) The device according to claim 8, wherein 
said orientation control element is constituted by a 
plurality of fine slits formed in said pixel electrode 
in an oblique direction relative to an extending 
direction of said edge or a plurality of fine 
protrusions formed on said pixel electrode in an 
oblique direction relative to an extending direction of 
said edge . 

[0140] 

(Appendix 10) The device according to claim 9, wherein 
at least a part of said fine slits or said fine 
protrusions are different in shape and/or spaced 
interval of arrangement from each other; 
[0141] 

(Appendix 11) The device according to claim 8, wherein 
said orientation control element is a hollow formed in 
a part other than said pixel electrode. 
[0142] 

(Appendix 12) The device according to any one of claims 
8 to 11, wherein a dielectric anisotropy of said liquid 
crystal molecules of said liquid crystal layer is 
negative . 

[0143] 

(Appendix 13) A liquid crystal display device 
compr i s ing : 

a first substrate having thereon a pixel 
electrode and an active element; 
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a second substrate having thereon an opposed 
electrode; and 

a liquid crystal layer interposed between said 
first and second substrates with said electrodes 
facing each other, 

wherein a first orientation control element 
extending in a non-perpendicular direction and a 
nonparallel direction relative to an extending 
direction of an edge of said pixel electrode and a 
second orientation control element extending in a 
parallel direction relative to an extending direction 
of said edge are provided on at least one of said 
first and second substrates, and 

said first orientation control element is larger 
in width than said second orientation control element. 

[0144] 

(Appendix 14) A liquid crystal display device 
according to claim 13, 

wherein the first orientation control structure 
and/or the second orientation control structure is a 
slit formed in the pixel electrode or the opposed 
electrode . 

[0145] 

(Appendix 15) A liquid crystal display device 
according to claim 13, 

wherein the first orientation control structure 
and/or the second orientation control structure is a 
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protrusion formed on the pixel electrode or the opposed 
electrode . 

[0146] 

(Appendix 16) A liquid crystal display device 
according to any one of claim 13 to 15, 

wherein a dielectric anisotropy of the liquid 
crystal molecules of said liquid crystal layer is 
negative . 

[0147] 

(Appendix 17) A liquid crystal display device, 
comprising : 

a first substrate having a pixel electrode and an 
active element ; 

a second substrate having an opposed electrode; 

and 

a liquid crystal layer interposed between said 
first substrate and said second substrate with the 
electrodes thereof facing each other, and 

wherein a first orientation control structure 
extending in a nonparallel direction relative to an 
extending direction of an edge of the pixel electrode 
and a second orientation control structure extending 
in a parallel direction relative to the extending 
direction of the edge are provided at least on one of 
said first substrate and said second substrate, and 

wherein liquid crystal molecules of said liquid 
crystal layer on the second orientation control 
structure are non- vertically oriented relative to said 
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substrate when no voltage is being impressed between 
the pixel electrode and the opposed electrode. 
[0148] 

(Appendix 18) A liquid crystal display device 
according to claim 17 , 

wherein the liquid crystal molecules of said 
liquid crystal layer on the second orientation control 
structure are oriented in substantially the same 
direction as an extending direction of the second 
orientation control structure. 

[0149] 

(Appendix 19) A liquid crystal display device 
according to any one of claim 17 and claim 18, 

wherein the first orientation control structure 
and/or the second orientation control structure is a 
slit formed in the pixel electrode or the opposed 
electrode . 

[0150] 

(Appendix 20) A liquid crystal display device 
according to any one of claim 17 and claim 18, 

wherein the first orientation control structure 
and/or the second orientation control structure is a 
protrusion formed on the pixel electrode or the opposed 
electrode . 

[0151] 

(Appendix 21) A liquid crystal display device 
according to any one of claim 17 to 20, 
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wherein a dielectric anisotropy of the liquid 
crystal molecules of said liquid crystal layer is 
negative . 

[0152] 

(Appendix 22) A liquid crystal display device 
compr i s ing : 

a first substrate having thereon a pixel 
electrode and an active element; 

a second substrate having thereon an opposed 
electrode; and 

a liquid crystal layer interposed between said 
first and second substrates with said electrodes 
facing each other, 

wherein a first orientation control element 
extending in a non-perpendicular direction and a 
nonparallel direction relative to an extending 
direction of an edge of said pixel electrode and a 
second orientation control element extending in a 
parallel direction relative to an extending direction 
of said edge are provided on at least one of said 
first and second substrates, and 

at least a part of liquid crystal molecules of 
said liquid crystal layer on said second orientation 
control element are oriented in a vertical direction 
relative to said substrate when voltage is being 
applied between said pixel and opposed electrodes. 

[0153] 
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(Appendix 23) The device according to claim 22, wherein 
said second orientation control element is provided on 
said second substrate, and said pixel electrode does 
not exist on at least a part of a place on said first 
substrate opposed to said second orientation control 
element . 

[0154] 

(Appendix 24) The device according to claim 22 or claim 
23, wherein at least one of said first and second 
orientation control elements is a slit formed in said 
pixel electrode in an oblique direction relative to an 
extending direction of said edge. 
[0155] 

(Appendix 25) The device according to claim 22 or claim 
23, wherein at least one of said first and second 
orientation control elements is a protrusion formed on 
said pixel electrode in an oblique direction relative 
to an extending direction of said edge. 
[0156] 

(Appendix 26) The device according to any one of claims 
22 to 25, wherein a dielectric anisotropy of said 
liquid crystal molecules of said liquid crystal layer 
i s negative . 
[0157] 

(Appendix 27) A liquid crystal display device 
compr i s ing : 

a first substrate having thereon a pixel 
electrode and an active element; 
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a second substrate having thereon an opposed 
electrode; and 

a liquid crystal layer interposed between said 
first and second substrates with said electrodes 
facing each other, 

wherein a first orientation control element 
extending in a non-perpendicular direction and a 
nonparallel direction relative to an extending 
direction of an edge of said pixel electrode and a 
second orientation control element extending in a 
parallel direction relative to an extending direction 
of said edge are provided on at least one of said 
first and second substrates, and 

said second orientation control element is 
constituted by an assembly of shapes having directivity 
in a direction of the substrate' s plane surface. 

[ 0158 ] 

(Appendix 28) The device according to claim 27, wherein 
said second orientation control element is formed to 
extend in an outer direction from said first 
orientation control element which is adjacent to said 
second orientation control element on the same 
substrate . 

[0159] 

(Appendix 29) The device according to claim 27 or claim 
28, wherein at least one of said first and second 
orientation control elements is a slit formed in said 
pixel electrode or said opposed electrode. 
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[0160] 

(Appendix 30) The device according to claim 27 or claim 
28, wherein at least one of said first and second 
orientation control elements is a protrusion formed on 
said pixel electrode or said opposed electrode. 
[0161] 

(Appendix 31) The device according to any one of claims 
27 to 30, wherein a dielectric anisotropy of said 
liquid crystal molecules of said liquid crystal layer 
i s negative . 
[0152] 

(Appendix 32) A liquid crystal orientation method of 
liquid crystal molecules of a liquid crystal layer in 
a liquid crystal display device comprising a first 
substrate having thereon a pixel electrode and an 
active element , a second substrate having thereon an 
opposed electrode, and said liquid crystal layer 
interposed between said first and second substrates 
with said electrodes facing each other, said method 
comprising the step of: 

giving an orientation regulating force to a part 
near an edge of said pixel electrode on said first 
substrate in a third direction which is different from 
a first direction of an orientation regulating force 
given to said liquid crystal molecules of said liquid 
crystal layer within a region of said pixel electrode 
and a second direction of an orientation regulating 
force given due to said edge of said pixel electrode on 
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said first substrate to said liquid crystal molecules 
near said edge. 
[0163] 

(Appendix 33) A liquid crystal orientation method of 
liquid crystal molecules of a liquid crystal layer in 
a liquid crystal display device comprising a first 
substrate having thereon a pixel electrode and an 
active element, a second substrate having thereon an 
opposed electrode, and said liquid crystal layer 
interposed between said first and second substrates 
with said electrodes facing each other, said method 
comprising the step of: 

giving an orientation regulating force to said 
liquid crystal molecules near an edge of said pixel 
electrode on said first substrate so that said liquid 
crystal molecules including those near said edge are 
oriented in substantially the same direction, when 
difference in orientation direction among said liquid 
crystal molecules adjacent to each other near said edge 
is caused by an orientation regulating force given to 
said liquid crystal molecules of said liquid crystal 
layer due to said edge of said pixel electrode when 
voltage is being applied between said pixel and opposed 
electrodes . 

[0164 ] 

[EFFECT] 

According to the present invention, the 
orientation abnormality within the pixel region for 
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display caused by the slanting electric field which 
occurs outside the pixel region for display and in its 
vicinity is suppressed and the liquid crystal 
orientation is controlled to be in a stable and ideal 
state- Thereby, irregular display is prevented from 
occurring and the light t ransmit t ance of the panel is 
greatly enhanced. This makes it possible to realize a 
liquid crystal display device with high reliability. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 
[FIG. 1] 

A sectional view schematically showing the 
structure of a liquid crystal display device according 
to the present invention. 
[FIG. 2] 

Plane views showing states near a pixel of a 
liquid crystal display device according to the first 
embodiment of the present invention. 

[FIG. 3] 

Schematic views showing states when orientation 
regulating forces are given to liquid crystal molecules 
in first to third directions. 

[FIG. 4] 

A plane view showing a state near a pixel of a 
liquid crystal display device according to the second 
embodiment of the present invention. 

[FIG. 5] 
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A graph showing a t ransmi ttance- voltage (T-V) 
characteristic of the liquid crystal display device 
according to the second embodiment. 

[FIG. 6] 

Micrographs showing liquid crystal orientation 
states . 

[FIG. 7] 

Micrographs of liquid crystal orientation states. 
[FIG. 8] 

A plane view showing a state near a pixel in 
modification 1 of the liquid crystal display device 
according to the second embodiment. 
[FIG. 9] 

A plane view showing a state near a pixel in 
modification 2 of the liquid crystal display device 
according to the second embodiment. 
[FIG. 10] 

A plane view showing a state near a pixel in 
modification 3 of the liquid crystal display device 
according to the second embodiment. 
[FIG. 11] 

Schematic views showing various effects and 
features in the first and second embodiments and 
comparative examples thereof. 

[FIG. 12] 

Schematic views showing various effects and 
features in the first and second embodiments and 
comparative examples thereof. 
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[FIG. 13] 

A plane view showing a state near a pixel of a 
liquid crystal display device according to the third 
embodiment of the present invention. 
[FIG. 14] 

Schematic views showing states near a pixel in a 
liquid crystal display device according to the fourth 
embodiment of the present invention. 

[FIG. 15] 

Schematic views showing states of liquid crystal 
orientation . 

[FIG. 16] 

Schematic views showing states near a pixel in a 
modification of the liquid crystal display device 
according to the fourth embodiment. 

[FIG. 17] 

Schematic views showing states of liquid crystal 
orientation . 

[FIG. 18] 

Schematic views showing states near a pixel in a 
liquid crystal display device according to the fifth 
embodiment of the present invention. 

[FIG. 19] 

Schematic views showing states near a pixel in a 
liquid crystal display device according to the sixth 
embodiment of the present invention. 

[FIG. 20] 
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Schematic views showing states near a pixel in 
another example of the liquid crystal display device 
according to the sixth embodiment. 

[FIG. 21] 

Schematic views showing states near a pixel in a 
liquid crystal display device according to the seventh 
embodiment of the present invention. 

[FIG. 22] 

A plane view showing a state near a pixel in a 
conventional liquid crystal display device according to 
an MVA system. 
[FIG. 23] 

Sectional views showing states when a bank-shaped 
pattern is provided in a conventional liquid crystal 
display device. 

[FIG. 24] 

Sectional views showing states when the bank- 
shaped pattern is provided in the conventional liquid 
crystal display device. 

[FIG. 25] 

Achematic views showing liquid crystal orientation. 
[FIG. 26] 

Sectional views showing states when the bank- 
shaped pattern and an auxiliary bank are provided in 
the conventional liquid crystal display device. 

[FIG. 27] 
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Plane views showing states near the pixel in the 
conventional liquid crystal display device according to 
the MVA system. 

[FIG. 28] 

A plane view showing distribution of singular 
points and dark lines on a whole pixel. 
[FIG. 29] 

Plane views showing overlapping states of the 
auxiliary bank and a pixel edge. 
[FIG. 30] 

A plane view showing an overlapping state of the 
auxiliary bank and the pixel edge. 
[ EX PLANET I ON OF CODES] 

11,12 transparent glass substrates 

13 liquid crystal layer 

14 insulating layer 

15 pixel electrodes 
16a, 16b oriented films 

17 color filter 

18 common electrode 
19,20 polarizers 
21 data bus lines 
22,41,42 bank-shaped pattern 
23,31,32,44 slit pattern 

24 hollow 

25 fine slit patterns 

26 fine linear protrusion patterns 
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[NAME OF DOCUMENT] ABSTRACT 
[SUMMARY] 

[PROBLEM TO BE SOLVED] The orientation abnormality, 

within the pixel region for display caused by the 
slanting electric field which occurs outside the pixel 
region for display and in its vicinity is suppressed 
and the liquid crystal orientation is controlled to be 
in a stable and ideal state. Thereby, irregular 

display is prevented from occurring and the light 
t ransmi ttance of the panel is greatly enhanced. 
[SOLUTION] A slit pattern 23, which is an 

orientation control element extending in an oblique 
direction relative to an edge of a pixel electrode 15 
on a surface of a TFT substrate 11, is formed in the 
pixel electrode 15 to extend in a substantially 
parallel direction to an extending direction of a 
bank-shaped pattern 22. Furthermore, as an 
orientation control element, fine slit patterns 25 
(concave portions in the pixel electrode 15) are 
formed locally in a part near the edge of the pixel 
electrode 15 except in the pixel electrode 15 to 
extend in an oblique direction relative to an 
extending direction of the, edge. 
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